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PROGRESS DURING REPORT PERIOD

A. Summary

Theoretical values of the admittances of various nozzles have
been computed and compared with the corresponding experimental values.
The existing data reduction scheme has been corrected and all available
experimental data has been rechecked and corrected wvhenever necessary;
the updated experimental admittance values are presented in this report.
An analysis associated with the frequency sensitivity of experimental
admittance values has been initiated. The Analog-To-Digital Data
Reduction Program has become operationzl. Fourteen nozzle tests have
been conducted during this report period.

B. Theoretical Studies

Theoretical values of the nozzle admittance have been computed
based on the three dimensional nozzle admittance theory of Crocco.l
The development of a computer program which employs this theory to
predict nozzle admittances has been completed; this program was then
used to predict the admittance values for all the nozzles tested to
date. Before presenting the results, a brief description of the
theory used in developing this computer program vill now be given.

According to Crocco's theoryl , the admittance Y is given by the
expression

Y = i (1)

7 = axial dependence of the axial velocity perturbation
axial dependence of the radial velocity perturbation

q = nondimensionalized mean flow velocity

s « nondimensionalized frequency




Once Z is known and q and 8 are specified, the admittance can be
found from Eq. (1). The problem is to compute Z. Values of this
parameter can be determined by numerically integrating the following
complex, nonlinear equation (called the Riccati Equation) :

L a0z -89 - 72 (2
where the independent variable ¢ is the steady state flow potentidl,
and A(%) and B() are coefficients whose form depends upon § and the
mean flow properties in the converging section of the nozzle. 'fhe
major difficulty in integrating Eq. (2) is that 2 can take on very
large values whenever the radial velocity gpproaches zero. These
large values can occur for the nozzles under investigation, and can
cause numerical instabilities in the integration scheme. This
problem is circumvented by transforming the dependent variable as
follows:

T3 (3)

Thus, when Z becomes large T becomes small. Substituting for Z in
Eq. (2) gives the following Riccati Equation for T:

%% -1 - AT +B() T° ()

In order to avoid numerical instabilities in the computer program
which predicts theoretical admittance values, the following pro-
cedure ig used. Starting at the nozzle throat, Eq. (2) is integrated
until the magnitude of Z becomes larger than a specified value at a
certain value of &; T is then found from Eq. (3) and BEq. (L) is
integrated. Similarly, vhen ITl exceeds & certain value, Z is
computed from Eq. (3) and the integration is carried out using Eq. (2).



This process is repeated until ¥ equals the value at the nozzle
entrance. The admittance is then determined from Eq. (1) using
the value of Z or T at that point. _

When the theoretical admittance values were computed it vas
found that a discrepancy existed between the theoretical predictions
and the experimental results. This discrepancy was traced to the
improper interpretation of the incident and reflected waves in the
theory used for the reduction of the experimental data. The
discrepancy was corrected and all the experimental data that had
been previously taken was rerun. Vhile correcting the data
reduction scheme, it was found that the equations presented in the
last quarterly report remein unchanged with the exception of the
expression for thé real part of the admittance whose corrected
form is given by Eq. (8). The corrected admittance data indicates
that increasing the mean flow Mach number decreases the value of
the real part of the admittance for three dimensional modes which
is in agreement with nozzle admittance theory. Data presented in
earlier reports shows the opposite trend. In eddition, the signs
of the corrected values of the imaginary parts of the nozzle
admittance are the negative of the values reported earlier.

The comparisons of the experimental admittances with the
corresponding theoretical predictions are presented in figures 1l
through 24. Except for figures 3 and 7 the theory and experiment
are in qualitative agreement. Before any conclusions, concerning
the validity of the theory or the experimental data, are drawn,
further analysis of these results will be performed. Included in
this analysis will be the study of the accuracy of the freguency
measurements and its effect upon the experimental results. The
findings of this analysis will be reported in the next progress
report.

' Figures 3 and 7 show that the experimentel values for the
real part of the admittance approach large positive numbers whereas
the theory predicts large negative values. This discrepancy caﬁld
be due to the inability of the present data reduction scheme to



determine the proper sign of ¢. This point may become clearer if
one considers the following equations:

S\/;?‘ - Sﬁ(l-ﬁa) tanh ¢ secZﬂB @S 2M
Y = mn mn

x (% + SE—M-é) (tanh2me + tant mB) (s)

vhere

-one (reflected vave eg@litude)
incident wave amplitude /nozzle entrance

e

(1l + 2B)

L}

phase change of the incident wave upon
reflection

r = chamber radius

g = 0 for longitudinal modes
mn . 1.8413 for transverse modes

M

[

chember Mach number w

In order for the theoretical and experimentel admittances, in

Figs. 3 and 7, to agree @ must take on negative values. However,
the present data reduction scheme is not capable of determining

the sign of @ from the perturbation pressure amplitude measurements
at various locations along the tube. The sign of @ can, however,
be determined from perturbation pressure phase measurements; as a
matter of fact the phase measurements can be used to determine both
the sign and magnitude of a.

A computer program using the Nonlinear Regression Technique
for the computation of @, 8, and the admittance from phase measure-
ments taken at discrete points along the tube is in preparation.
This program is currently undergoing preliminary checkouts 'and



pdmittance values obtained from this program will be presented in
the next report.

The checkout of the analog~to-digital date reduction program
has been completed and the program is operational at this time.

The principal motivation for the development of the A-to-D program
wes the desire to obtain accurate phase data, which is en important
consideration for both the present nozzle testing program and the
anticipated acoustic liner work. Other advantages associated with
the use of the A-to-D program are: (1) the data reduction time is
reduced by several orders of magnitude; (2) the frequency resolution
is improved; and (3) the possibility of human errors affecting the
data accuracy are virtually eliminated.

A brief description of the use of the A-to-D program follows.
First, the analog data taken during the test must be digitized.
This is accomplished by a 1} channel Analog-To-Digital Conversion
System manufactured by the Radiation Corporation. This unit is
made available, free-of-charge, to users of the Rich Electronic
Computer Center, vhich is an integral part of Georgia Tech. The
unit has been programmed to sample 25,000 samples/second. For ten
channels of analog date (viz., two frequency channels and eight
dynamic pressure transducer channels) , this sample rate provides
2,500 samples/second/channel, vhich represents 0.4 milliseconds
between samples on each channel. The maximum frequency recorded
on the analog tape is 1,000 Hz; however, the maximum frequency of
the Conversion System is restricted to 250 Hz at this sample rate
for ten channels. Consequently, the analog tape recorder speed
must be reduced by 4:1 during the playback into the A-to-D
Conversion System. This selection of sample rate and maximum
frequency insures that the signal with the shortest period (viz.,
the real-time frequency of 1,000 Hz) will be sampled 10 times during
the period, vhich is considered to be an absolute minimum for good
statistical confidence. The minimum frequency is not limited by
the Conversion System but is limited by the available core size
associated with the computer that is used to process the digitized



data. In this case, the computer is & Univac 1108 that has a total
availsble core of 60,000 words. This amount of core results in a
minimum real-time frequency of 56 Hz, which implies that this period
is sempled 179 times during one cycle by the Conversion Systenm. The
frequency limits cen be summarized as follows:

Real-time; 56 < £, Hz < 1,000
Reduced-time; 14 < £, Hz £ 250

The end product of the A-to-D conversion is a tape of digitized test
data.

The digitized test data is then transferred to the Univac 1108
system where it is used to determine all needed information. The
data reduction program is written in the Fortran V compiler and
executed by the Univac 1108. After this program reads a block of
digitized data, it proceeds to determine the frequency associated
with that block of data. This is accomplished by checking for the
zero-crossings of a reference (sinusoidal) frequency signal.
Inasmuch as the frequency signal will not be digitized at the
exact instant when the signal is identically zero, the instant
when the signal crosses the zero line must be interpolated by using
the last two positive values and the first two negative values.

The use of an interpolation routine suggests that an error might

be introduced. A checkout of the interpolation schemed showed

that it produces a maximum error of 0.5 Hz, which represents a 0,05%
error.

The frequency that has just been determined is the frequency
of the driven oscillation at that instant of time during the test.
Therefore, it represents the fundamental frequency for that block
of digitized pressure data. For one period of the fundemental mode,
the Fourier Series representation of the time-dependent signal is
given by:



p(t) = A cos wt + B sin wt
where

p(t) : time-dependent pressure amplitude, psi
® : angular frequency, radians/sec

T
% I p(t) cos wt dt
0

=3
!}

T
% f p(t) sin wt dt
0

o]
i

T : period of the fundamental mode, seconds

The program determines the Fourier Coefficients A and B for each
of the pressure signals. The signal amplitude is determined from
the expression:

Amplitude = (A2 + 132) 1/2

and the phase is determined from the expression:

Phase = tan™t (B/A)

Each test can be divided into 500 date reduction points.
After the frequency, amplitude, and phase have been determined
for the entire digital tape, this information is fed into a special
subroutine that uses this data to compute the nozzle admittance and
related data. An example of the data reduction results is presented
in Appendix A.



The data reduction program was checked out with and vithout a
digitized tape data. The first checkout was without a digitized
tape data. In this case, signals of known frequency, amplitude,
and phase were generated using a sine function. These continuous
signals vere synthetically digitized in a manner similar to that
used by the Conversion System when it digitizes the analog data.
This dete was processed by the program and the program results
were compared to the imput values. For both simple periodic signals
and complex periodic signals (i.e., signals composed of a sum of a
fundamental oscillation and its various harmonics) , the error in
amplitude and phase appeared as a "round-off" error, which repre-
sents an error of less than 0.2%. For a nonperiodic signal (i.e.,
two periodic signals vwhose frequencies are not related by an
integer constant), the amplitude error wes less than 5% and the
phase error was spproximately 5° for the case when the two signal
amplitudes were equal. This case approximates conditions vwhen the
signal-to-noise ratios equal to one. These errors decreased
rapidly as the signal-to-noise ratio approached 10:1.

The second checkout of the program involved the use of
digitized data obtained from an actual test. A comparison of the
program's results vith the results obtained by the previous data
reduction method disclosed that there was general agreement
betveen the two methods. The concensus of opinion is that the
new data reduction scheme is more accurate than the one used to
date; furthermore, the new program is considerably more efficient.

C. Experimental Investigations

During this report period fourteen tests have been run. One
test was conducted for checking the analog-to-digital data reduction
program. All of the nozzles fabricated thus far were retested in
order to include the entire frequency range for 1T modes
(1.84% < s < 3.05) and most of the longitudinal frequency range
(.1 <s <1.84). The results of these tests are included in




figures 1 through 24, In addition, two tests wvere run with 2
quasi-steady nozzle and two more with a nozzle whose half-angle
is 45° and radius of curvature of 2.5 inches. The Mach number of
the latter nozzle was increased to a value of .20. The data
obtained in these tests is being reduced and it will be presented
in the next progress report.
Other efforts have resulted in the improvement of the precision
of the frequency measurements. This improvement allowed a significant

inerease in the nunber of data points taken per run.

EXPECTED PROGRESS DURING NEXT REPORT PERIOD

During the next quarter, two more microphones will be added to
the data acquisition system. This addition will bring the number of
pressure amplitudes sampled along the standing wave pattern to ten.
This will improve the accuracy of the admittance values by providing
more information about the wave structure.

The nozzle with a half-angle of 45° and radius of curvature
of 2.5 inches will be tested at various Mach numbers starting at
M = .2l and proceeding to M = .32. These series of tests will be
conducted to determine whether there are any unexpected problems
associated with testing at higher Mach nunbers. Assuming that no
major problems are encountered, the other nozzles will be tested
and the experimental admittance values along with the corresponding
theoretical predictions will be determined. These results will be

compared in the next quarterly report.
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Figure 1. Corparison of the theory and experimental values of the real part of the
admittance for the nozzle with a half-angle of 15 degrees, entrance Mach number
of ,08, and radii of curvature at the throat and entrance of 5,7 inches,
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Flgure 2, Cowparicon of the theory and experimental values of the imaginary part of the
adoittance for the nozzle with a half-angle of 15 degrces, entrance Mach number
of ,08, and radii of curvature at the throat and entrance of 5,7 inches,
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Figure 4, Comparison of the theoretical and experimental values of the
imaginary part of the admittance for a nozzle with a half-angle
of 15 degrees, entrance Mach Number of .08, and radii of curve
ature at the throat and entrance of 5,7,
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Figure 5. Comparison of the theoretical and experimental values of the real part of the admittance for a
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Ficure 6. Cozparison of the theoretical and experimental values of the imaginary part of the admittance for v

a nozzle with a half-angle of 15 degrees, entrance Mach number of .08 and radii of curvature at
the entrance and throat of 2.5 inches. '
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Figure 8. Corparison cf the theoretical and experimental values of the imaginary part
of the admittance for a nozzle with a half-angle of 15 degrees, entrance Mach
nurber of .C8, and radii of curvature at the throat and entrance of 2.5 inches.
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APPENDIX A: OUTPUT OF ANALOG-TO-DIGITAL DATA
REDUCTION PROGRAM




EXAMPLE CTASE,

A-TD-D PRIBRIAM AEDPP,

TEST 3214.51

OATE 120371

1

FOURIZR AYALYSTIS RISULTS OF A-TD=D DATA, EXAUYPLE CASZ, A~-TD-n PROGRAUV Ar)>P,

TEST 8231u~61

HE-FRZQ HF- B/9 uF=33/9 HF~19/9 UF-40/9 HF.FREQ HF=38/9 uF=26/9 HF=17/9 HE= 2/9

FRIQUZIZY = 1000.00 42 RUM POINT 1

AMPLITULZY SPLI2,) = 99 16710 1€0.00 150,370 1€0.,00 39 150,70 153,00 TEO, 0N 160058
PHASTs JIGRESS = +00 23186 237,55 175,14 234,69 3,85 258,10 274,64 219.10 331.18
FRIZUEZY = 609.1r +42 RUM POINT 2

A“PLITU):c SPL(Dy) = 1.00 124.28 124,06 109,00 100,00 .00 128,70 127,537 120,95 138,17
PHASZ, ".Z5RIZS = .00 Lo.hb 113,40 63,75 75.07 3,49 126,26 129,12 119,22 1.8

[]

FRIGUZUZY = 616,7¢ 42 RUN POINT 3 . ) o ) o

AMPLITUJDZ», SPL(DL) = .99  131.64 131,62 100,00 100,00 i.170 128,95 121,10 170,010 128N -
PHAST, -T3RIZS = +00 216.81 219,78 112,47 32.12 3.87 222,58 219,90 2RG U6  2U1,.NS
FRIHUEMCY = 625.0¢ 42 RUM POINT 4

ANPLITUOZY SPL(05) = 1.00 124.50 100,00 100,00 125.37 1.00 121,55 125,87 1a0.0A {2R.h]
PHASZ» DISRIZS = «00 275.73 | 344,24 345,98 37.72 3,53 42,20 332,25 110.17 ws,2¢
FRZQUZNCY = 632,60 42 RUN POINT 5 _ \ _ - N A
AYPLITUIZY SPLID3) = 1,00 130.95 130,74 100,70 1306.93 T.00 132.%2 129,14 1r0.0n 129,83
PHAST» ~I3RIZS = .00 169.99 10.58 34,70 44,43 3.31 43,90 351.11 178.97 211,59
FRIGUENCY = 640,70 47 RUN POINT 6 .
AMPLITUDZ, SOLD3) = 1.00 127465 126,52 100,00 126,43 1.00 126,40 100,00 127,517 107,00 =
PHASZ» _E6KZZS = U0 7737 2°0.09 98,95 22.82 4,14 328,85 85,34 1r5.09 129.33
FRIIUZAZY = 648.3s 42 ]UN POINT 7 ' :
AMPLITUIZ, 32L(02) = 1.00 125470 133.30 131,73 127.71 T.01 133,67 I31.73 T390 125.9%
PHASZy JI3RZZIS = <00 152439 148,13 122,13 146,09 3,58 168,95 145,98 148,77 145,01
FRIQUENCY = 656410 HZ RUN POINT 8 :

AMPUITUDZ SPL(D3) = 1,00 126.u8 136,71 1006.00 129.28 T.01 136,17 137,067 10004 100,00
PHASZ, JZ3RIZS = <00 313.62 155. 64 148,.80n 140.76 3.78 172,29 163,44 167,18 6n,7a
FRZ,UZNZY = 663.5» HZ RUM POINT 9 L o

AMPLITUJIZ, SPLI(DD) = «39 127.78 137,25 135,89 136.58 .99 139,04 136.57 134,75 13214
PHASIs JIGRICS = . <00 335,97 194,30 215,74 194,43 4,10 208,94 218,60 236.6u4 351,91
FRIZUZNZY = 671.5r 42 RUY POINT 10

aMPLITUSEs SPL(53) = 1.00 133,74 139,31 140,35 135,02 T.00 139,34 133,59 101, B9 126.07
PHASZ» JESRIZS = «00 329.99 .20 332,77 27.04 3.89 24,74 351,38 4,24 315.21
FRTZAUENIY = 678B49¢ HZ RUN POINT 11

AMPLITUDZ, SPLI(DY) = 1.00 16045 155,176 183,36 162.99 1.60 155,56 164,15 163.20 157,92

PHAST s JISREITS = .00 112.69 146,70 129,51 155.57 4,04 162,80 154,56 167,79 127.85
FRZIGUINZY = 687,10 +Z UM POINT 12 . , o

LMPLITUDZ» SPL(DS) = 1.00 170.14 165,44 174,65 156,13 1,60 {6u,52 153,48 171504 1567.9%

PHASIs JISZRIZS = <00 339,97 23,78 358,56 47.53 8,17 82,59 23,63 15.31 358,25
FRZJUZ Y = 692,7» HZ RUN POINT 13

AMPLITUSZ, SPL(DL) = 1.00 163.98 156.54 165,21 162.84 1,01 150,65 16%.R< IE7.5% 16756

PHASZTs DI3RIZIS = «00 142.51 9.61 163,94 22.1y 3.91 26.54 189,71 1R0.59 161,03

Reproduced from
est. available copy.
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EXAMPLE CASEe A=TU=D PRIGIAM £EIPP, TEST R21u.6j . DAYE 120371 PERE: 2

FOURIZR AHELYSIS RISULYS OF A-T0=) DATA, ©XAwPLE CASE, A-T0-D PROGRAW FEDPP, TEST 82)u4-61

HF=FRZIQ HF= B/9 KHF=3%/9 HF-19/9 WF-40/9 HF_FREQ HF=35/9 HF-34/9 HF=-17/9 HF= 3/9

TFREIAUINCY = 702.2r HZ  RU'T POINT 14

AMPLITUDZ» S2LTOLT = T.900 155,89 159,58 . IS9,70 b L)) 1. 70 155,712 135, 3% TF2. 8% Y65 37
PHASZ, DEIGRIZS = «0n  247.n1 114,03 268,96 127,34 4,18 132,66  113.A7  2R6,.2} 264.29
FRIJUEICY =  710.6¢ H2Z UM POINT 15 :

AvPLITUDZ, SOL(D7) = <99  165.77 167,29 100,790 362,97 FLY: s Y A ) 151,29 188 BRI I67 14
PRAS e DISREES = .00 3uf.n7 210,74 23,43 221,65 6,32 228,78 214.R) 25.51 5.3%
FRIAUZNCY = 717.10 HZ  8UM POINT 16 . L
BVPLITULZ, SOL(D2) = 1.00 164.60 165,69 155,52 153,79 1,00-— 15U 64 164,257 165.99 166,29
PHASZs JIZRIZS = «00 93.90 314,06 286,70 321.98 4,13 330,99 317.93% 299,78 112,87

FREZUZCY = 725.9r +4Z QUN POINT 17 : ' .

AHMPLITUDZ s 52LGJ2) = 1.03 16356 163,31 167, 8% 168,94 T. 04 160,12 155,99 188373 (555X
PHASZe DI5RIZS = 200 161.69 21,01 358,10 23u,95 4.56 39,72 24,19 18.66 181,24
FRIZUENSY = 732,8r A2 RUN POINT 18 ) _ B _

ARPLITUIE, SPLIDu) = 1,00  16)1.49 153,80 166,66 158,97 1.60 100,00 166,32 162,29 165,Nn3
PH&SZ» LI5RIZS = .00 269.56 129.77 110,25 326.39 4,06 320,08 134,59 129,99 289,82
FRILUENCY = T4C.5¢ AZ RUN_POINT 19 _

AVPLITUDE s 52 (03) = 1,90 155766 167,30 163,01 159760 1790 155,74 162,757 161,817 162,94

PHASZ» JI5RIZS = +00 315.78 2.55 154,99 12.56 4,51 16,R6 181,35 173.79 335.23

FRZUZNCY 749.3¢ AZ RUN POINT 20

aAVPLITUDZ, SoL(ON) = 1.03 I57.17 16T, 07 157,55 I[65.96 T.02 165,74 155,30 167392 167355
PHASZy )IGRIZS = «00 29.04 67.07 223,08 79.25 4,74 84,34 2ug.h2  242.19 Q4,485
FRIJUILZY = 755.2¢ 42 RUN POINT 21

ANPLTTUDTY SPUOST =7 W94 166,67 160034 163,26 I5E.96 J95 162,46 158710 143,267 161,93
PHASZ, DIGRIEZSG = . +00° 129.41 152.72 307.72 168.08 - 3,91 171,98 335,57 326433 129.%7
FRILUZNIY = 764,2¢r 2 RUN POINT 22

ANMPLITUDEY s2L (03 = .98 132°87 161.32 162,31 156.31 .99 1625y 154,11 142,90 160,00
PHASZ» DIGREIZS = .00 159.A83 180,35 336,29 195.95 4,38 199,66 7.79 354,93  15S.84
FRZIwUS .CY = 771,33+ 42 RUN POINT 23

fBPLITUSZy SPLTOYY = 1.00 I5T.717 168,59 167,37 I56.98 1500 168,50 I5T. 26 189735 165.17
PHASZ» JESREIZS = .00 25427 256,49 52.90 271.98 4,71 276,67 91.85 71.84 233,22
FRZJUZ'.CY = 781l.1r AZ RUN_PROINT 24 ‘ B o

AVPLITUDE, SPLID3) = 1.00 150.16 159,85 158,.9% 100.00 1,00 158,35 133,08 140,83 155,22

PHAST» DI3REZS = : «00 105.23  335.3% 130,55 110.83 8,50 357,19  33p.61 149,97 314,562
FRZOUE .CY = 767.6¢ AZ RUN POINT 25 . _ o L

AMPLTTUDZ, 52L{03) = 1,00 152,09 157.8% 155.B5 147,96 1500 154,107 193,90 7 "159.557 153.70

PHASZ, DESREZIS = «00 133.04 358,39 ~ 154,86 185.94 S.22 19,77  356.30 173.88 331.13%
FRZZUS ,CY = 794.%¢ HAZ  RUN POINT 25 )

ANMPLITUDZ, SPL(Js) = 1.00 1560.40 162,23 158,91 159.93 1,00 15G,.0% I61.1<Z 1T .29 157, 13

PHASZ, DZ3RIZS = «00 168.49 42,55 201,07 - 237.97 5.21 67,06 443.59 2319.78 21,482

| Reproduced from" ; : ' ‘
best available copy. : '
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EXAMPLE CASEs A=TD-7 PRIGIAM AEDPP, TEST 8214-61 - DATE 120371 PLaE 3

FOURIZIR ANALYSIS RISULTS -0F A-T0=-D DATA, TYAVPLE CASE, A-T9-D PROGRAv A£IPP, TEST 821u-61

HF-FREQ HF=- 8/9 HF=33/9 HF=-19/9 HF-40/9 HF.FRE? HF=35/9 HF=2u/9 HF=17/9 Hr= /9

FRIOUZIZY = B02.3r 42 RUM POINT 27

AMPLETULZY SPLIGD3) = 1,00 {55,091 {53.19 145,02 157, 0% T.00 132,48 Y55, 39 157.58 T53.55
PHAST, SZGRIZS = (00 280.97 158,65 322,62  349.04 5.00 277,32 153.33  3%3.14  130.5s S

FRISUZNZY = Bl0.3» 42 RUN POINT 28 ' ' . _

AMPLITUDZY SPL(03) = 1.00 153.96 133.97 135,82 153,91 1,607 195,66 155,71 180,97 (87,3 T O
PHASZe DJI3RIZG = .00 305.79 185,16 53.53 9.97 5,18 9.2 172,78  3s8, nx 150,99
FRZIHUE'ICY = Bl7.tr 42 PUN POINT 29 o __V o ~

_ AVPLLTUJ:r SPL(J ) = 96 156.23 162,27 142,73 156.50 »95 1543y 158,95 150,61 150,09 T
PHASZ» JI5HIZS = <00 316.90 12.n8 132,90 28.98 q4,72 32,39 191,58 16.85 173,99

FRIOUINTY = 825,99 HZ  AUM POINT 30
AMPLITUJZ, SPLID3) = 1.00 1&5.06 158,44 155,956 1562.79 Y.00 154,80 166.6Y I50.47 153,75
PHASZ» )IHRIZS = <00 68.84 114,93 266,91 136.93 6,72 138,08 354,68 137,53  »R9,Rq

FRIQUENCY = 834,50 HZ  RUN POINT 31 \ _ _ R
AMPLITUIZ, SPL(D3) = 1,00 155.78 152.29 149,50 150,45 1.c0 155,85 155,79 121720 182,20
PHASTy ZEGRIZS = - .00  113.12  167.51 320,02 191.1u 5.01 189,75 354,73 1n1.82  32%.5S%

FRIJUZNCY = 840.5¢ AZ  RUN POINT 32 ‘ - _ . - .
SPLITUDZY 3PL(105) = 1.00 15%.42 152.61 155,54 163,94 f.c0 155,09 153,51 fa1vo 136,.uy .
PHASZ» JZI5RIZS = .00 125.33 178,52 325,30 205.05 5,01 200,89 3.10  330.09 29,77 |

. e

FRZILUEICY = B49,5¢ 2 RUM POINY 33 I
AVPLITUDZ, SPL1DJ) = 1.02 153.43 {58,498 157,57 139,33 1,01 159,79 158729 152507 131%°5 |
PHASZ» JI5RIZS = 00 145.37 195,77 352,17 209,87 4,76 216,60 24,52 19.52 79.95 “_M_‘

FRIGUEWCZY = 655.9r HZ RUN POINT 34 - , ) ‘
AVPLITUSZr SPLIDWY = .97 163.06 162,25 161,33 140,38 98 162,00 163,40 186.B6 (82,65 -
PrASTs JSSRIZS = «00 276.48 328,64 120,88 139.08 5.33 350,82 155.08 138,01 275.17

FRIQJUENSY = 663,3s HZ RUN POINT 35 o o |
ANMPLETUIZ, SPL(DJ) = .99 153,45 152,54 153,13  14%,%7 1,00 150,06 148,56  1s50.827 139,13

PHASSr JEGRIZS = «00 293,95 351,66 143,43 186,54 5.05 15,38 182,71 164.33  310,uR J

FRIZZUZ.CY = B72.60 HZ RUN POINT 36 : |
AMPLITUDZ» SPLIDB) = 1.00 152.16 151,35 152,32 143,86 1,00 197,97 195,37 150,49 139.13 y
PHASS» JI3RIZS = .00  311.64 1.58 147,31 199,51 4,74 26,45 178,A7 166,60 128,33

FRISUSZICY_=__B88y,6r HZ RYN POINT 37 : € - h
AVPLITUDZ, SPL{D3) = 1.00 157.07 154,24 157,24 152.34 1,00 196,73 143,10 156,22 195,94
PHASZs JISRIZS = L00  327.n0 22.08 170,18 209.98 5.17 S4,72 207,90 101,65 337,73y
FRZJUZWCY = 888.0¢ HZ UM POINT 38 B ) ¥
AMPLITUOZ, SPL(Ds) = 1.00 162.20 157,20 161,48 158,03 1,00 {4&,51 138715 140,81 151565 .
PHASZ s DI3RIZS = .00 100.64 152,76 302,B8 343,26 5.66 206,71 38,42  3722.89 (13,56
FRZIMUZ iCy = 89u,% HZ RUN POINT 39
aMPLITUDZ, SPL(D03) = T.vl 185,50 143,36 151,72 146.86 1,00 31,33 100,00 1S51.75  IRJ7.72
PHASZs» JEGREIZES = «00 115.07 184,35 327.80 6.82 $.,39 322,78  108.65 351.72  130.R3

Reproduced from |
‘| best available copy. f
Ie=_"=27€¢ copy. X




A=TD-) PRISAM AZIPP, TEST 8214-61 JATE 120371 pA

[4)
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EXAMPLE 2452,

TXAVPLE CASE, A-T0-0 PROGRAV AED®P, TEST 8214-61 C K

FOURIZR ANALYSIS RzZSULTS OF A=TJ=D DATA,

HF-FRIQ HF= B8/9 HT=33/9 HF-10/9 HF-40/9 HF.FREQ HF=358/9 WF-24/9 MHF.17/9 wce- 3/9
FRIGUIZCY = 902.5r 42  RUY POINTY 40
wMPLITUSZe §ALT0UT = 1.00 137,12 135,35 195,52 U595 1.0Y 159,34 133,70 TLI79Y Y¥37T
PHASZ s DIGRZIZIG = <00 126.25 182,56 331,28 24.99 S5.42 31,89 191,61 3s6.18 14h,66
FRIGUZNCY = 910,06y AZ KUY POINT 41 ’
AMPLITUIZ» SPLID ) = 1.00 153,30 124,97 149,20 147,13 1.00 186,48 145,45 15185 186,53 -
PHASZ,y ©25%IZg = « 00 133.34 322.86 340,02 30,15 S.44 32,56 187,59 1.24 144,91
[1
FRIJUENCY = 918,4r 42 RUY POINT 42 : ) . )
AMPLITUJZ, S2L(J9) = 1.00 161.79 150.R2 160,21 155.73 1,00 160,117 158,667 163,227 157,15 =
PHASZ s 5I3REZ5 = «00 219.19 78,73 63,84 110.87 5,32 110,54 271.72 B4 .67 236.62 _
FRIZUZLCY = 925,33 2 RUY POINT 43 :
AMPLITUJZ, S2L(D=) = 1.01 189.57 144,79 145,42 135,52 1,62 189,732 19757 15057 185,77
PHASZs JZGRIZS = .00 293,80 155,11 14R,26 205.18 5,19 186,15 349,19 171.93 322,58 i
FRIFUENCY = 933,5r HZ RUN POINT 44 . - R ey ey e
AMPLITUDZ» 52L(D13) = e99 ' 141.86 141,08 138,57 128.39 .97 18647 167,37 1au0yy 14n.7a
PHASZy I5R3ZTS = .00 . 318.28 176.93 148,64 202,15 5.95 198,99 353,48 169.60 39,43
y [
FRIMWINIY = 960,5r 42 RUY POINT 45 - o
AMPLITUDEY SPL(D3) = «99 162,10 145,35 134,85 100500 LOR T {UT7 26T 146,25 1ulT27 T i82,.6¢%° S
PAASZe DZ3ZRIZS = +00 307.39 172.58 189,55 218,52 5.81 199,69 2.97 100.17 339,74
FRIFUZUCY = 9u3.1e dZ RUY POINT 46 :
AMPLUITUDZ e S2L(03) = k] 147.86 I51.80 137,21 160,97 + 99 152,58 152,67 1517325 150735
PriaSZy» DIZRIZS = ) 329,72 198,08 172,20 31,40 S, 84 224,96 33,39 2n3,70 349,27
FRIZUENZY = 955,0¢ H2Z RUN POINT 47 !
ANPLITUDEY S3L(05Y = 1.00 183°95 148,37 100,00 142,76 1,00 " 1%6,84 148,81 147.89 148, 4" -
PHASZT, DIZRIZG = .00 111.24 3u4,70 289,09 173.55 531, 13,60 161.83 327.6% 132.%9
FRIZUINCY = 964,00 42 RUN POINT 48 ) i
AHPLITU)-: SPL(D3) = 1.90 137.40 138,17 100,00 135.78 1,00 133,19 139,837 137.65 183,17
PHASZ» DI5RIZS = .00 112.95 343,26 93,66 160,56 6,17 35,63 174,28 3u5,97 136105
FREHUZHZY = 970.3» H2 RUY POINT 49 ,
AVPLITJUOZ, SPL{UJ) = 1.01 135.51 133,50 100,00 137.1% w01 128,61 I33°93 138757 I9ISTS )
PHASZs JT3RICS = «00 138,95 350.04 222,83 176,14 6.01 56,50 185,25 3z2.u4 129,92
FRINUSINIY = 977.7» AZ RUY POINT 50 ] R ] i
“MPLTI U, S5 (03 = 1.00 12287 183737 135,27 138781 1,01 136,35 135767 130.34 182,.9¢ .
PAASZ, JI5RIZS = «00 197.21 20.54 141,02 200,57 6.15 62,80 171,73 3uS.67 140,.55%
FRIQUINZY = S8H,1r HZ RuUY POINT 51 . - N e . _ — é
AVPCTITUDT, 5°L(23) = « 96 14059 149,42 149,10 149,77 97 133,92 150,46 135.54 15%.27 N
PHASTs )IGRIIS = «00 175.03 71,94 209,03 266,90 6.00 136,78 249,51 RO.87 208,49 g

JATA REJUCTION FINISHZ),

ZXAVPLE CASE,

A.TJ=) PROGRAM AZ71P2, TEST 8214-61

Reproduced from
est- available cop
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J47E 120373

s e ey~ prenret.

EXAMPLE £45Zs A~TC=D PRISRAM AZIPP, TEST 3214-61 parnE 5 -
EXA4DLE CASIT, A-T0-D P3051AvM AZIPPs TIGT B821u-61 Maly NUVBER = - ,0n0e GVY = 1,841 )

RJ1 FRZ0 S et s34 N3 sarss outavas g ADUITTANCESqesoatae ¢ERRORS ssesctreets PRESGURE DIFFERENCESs DDesvsgeor cen covnyu-

POIT A2 ALSHA JETA T RE(Y/YS5) (M(Y/Y5) Y5 PRUS 1 2 3 U 5 6 K4 BT ATYANG T
11 6739 1.843> «1133 REE) e 23332 . 0938 « 1555 Y10 P -el - ] 4 - PR | -+ 1 g
12 637.1 18715 «1288  .1515 + 3050 «2071 +15856 2210 2 =,2 o0 o0 2 =4 2 =} AL
13 593.7 1.3302 NS 2113 . 0758 . 3037 . 1568 N3N 5 =23 Y ) = T w7 o 3 L
1:4 7-2!?__1_'911‘2 '__(_1_21 02[_‘73 0n953 .2?.’]“ '15“% 0265 .1 -ou "03 .0 .1 '0 lu 0’ .‘q
15 716D 1.9352 e (00 2492 0071Q -11Y: . 1564 «193 -1 =, 1 ) N TTTTTINTTTE e TR T T osnm
15 717.1 1,955: o274 +«3185 «112n «?190 01564 e134 -2 -.1 - 0 ? 2 0 N xg
17 725¢9 1o 9732 « 1554 -5")71 -15?6 .1713 o 156% 0259 -.3 ol .2 P .l . -ed -e Y xw
13 7352.3 1.9933 o245 3064 101y «1225 e 156% 025 el -,0 .0 N o -0 N - 20
19 Th. eH 2.0219 « 0000 4143 . Ub5n L1763 e 15582 «3A0 -5 P .5 0 -ob N6 P h LS ennaies
21 _149,3 2,0u461 « NG00 <4339 054y +N919 « 1562 o479 -.5 -9 ot N -l 3 5 o3 AL
2] 73642 2.0055 «(0090 4hr71 20633 .0NU7Y ' 1562 0383 =1 =,7 oG 0 =e o3 5T =3 AL -
22 64,2 240875 « 000 w471y . N610 JNU27 «1H7h1 459 -1 -7 2 N -, f o7 N -eS AL U
e.s 7’1'5 201[“)-2 'r2]9 '“9?-7 009'”4 .0112 .1501 0273 '0 ".b 2 o‘j ox -, U % -e? )
24 151,1 2.1353 N0 W4n72 . 059> +N2nS 1560 24274 U, =5 o3 N =2 =34 o7 =1.5 e
25 7a7.6 21939 e (153 ~=.4A3I .1319 -, N2%9 ¢ 15610 14387 1.9 ~.0 - P4 ey T E2. 3T U T Y TR T
2Ah  TI444 241720 +((353 =.u830 1123 =.n7n2 * 1560 537 5 =.0 o4 N - -7 o6 =7 s
27 Bu2.3 2.1945 « (000 -—.4u4s . 0551 -, N962 + 1559 6327 1,0 . RS, | 0= =3 TS S, Uit
23 3103 2, 2175 'P?_]7 -0“33“ .ﬂ9ul| -, 1000 v 1559 10’17? 1.6 '“ -l 0 =S ) .u o" -t.9 h i
23 Bl7.5 2.233- eN2B3 =44275 01072 -.1310 1952 639 e =3.1 ;) ) o1 Y4 5 gy | g
3, B25,0_2.2°9 . « 1303 -,3204 «1150 ' =,2059 e15858 753 1,1 =1,0 .2 oN ot o3 .5 =yl 35
31 83443 2e2:42 eufh00  =43921 «Ni51R .anoo » 1558 «4n9 1.1 -4 -3 ) e ? =.0 TN T YT T R
32 5'5{,03 ? 3 ) ‘f'232 "035'\__“1 v1037 "0?7!5 .quq o'l?_b .7 "'.“ - N 5 "06 =N 0 .‘.q
33 nud.5 2,3269 G128 ~.3402 .081p  ~.3358 o 1557 291 0 =BT ee2 o0 o X o7 2T LN TR T
34 UJD.? £03447 «2QN '03379 0122° -, 3Un3 01“)‘7 -303 5 "-6 -2 o0 o N 02 o1 - b ‘
55 8Kh3.3 2.3534% «198 =.2685 1092 ~.45A73 ¢« 1557 439 -2 0 -7 o1 0 -5 <6 + 6 =1 X% :
35 B872.6 243914 0357 -.3167 1756 -.40728 « 1854 333  ~-,u -4 -1 0 o3 «0 ofh  «at ALY
37 538G.% 2.4135 « 0355 =.2n33 JJ6aqn -.50148 1856 VoGRS, 6 ] +5 =3 .3 on TR
33 dlqo') 2 4345 « 6000 ~e2081 «NUSH - 4215 «1555 1.140 «0 "08 -7 N 22 -1.3 -4 1N s
33 594,33 2.453% «0N03  =~.2506 LY -.51°9 e 1555 c9{5=1.% =8 <0 1) =.0 S L 9 =N on
4) 912,5 2.4752 GO0 =e2679 UL -,5072 ¢« 1558 «2NS N -1 -3 0 =1.7 -l 5 1% xq
41 91'.'\'06 2.4973 (GO0 -.2533 +OU3x .6‘;09’ e 1505 + 300 -o1 - -1 0 o i} -eH PR «” Ye5 hial
B2 9isel4 2.51373 «0003  —.2u81 . 0U26 16912 1854 - «316 =0 -2 -3 oM -l o? ot .4 x5
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